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Delayed y-rays from neutron-induced fission: Search for millisecond isomers in U
fission fragments

There is considerable interest in the prompt and delayed y-ray spectra following neutron-
induced fission. The interest in delayed y-ray spectra is two-fold: to improve the data
libraries, and to implement active-interrogation schemes using neutrons and high-
resolution y-ray spectroscopy looking for specific delayed y-rays. Proposed specific y-
rays are typically minutes later, but shorter times may be feasible and may be of interest.
We propose to characterize the delayed y-ray production following **U(n,f) in the time
range from below 1ms to 100ms at GEANIE/WNR, and specifically to look for short-
lived activity (isomers and isotopes) on this time scale. GEANIE has made use of the
time structure of the WNR beam to identify sub-ms isomers in Tl nuclei [1], and this
technique can be extended to longer times (see below). In addition, the spectroscopy of
neutron-rich nuclei is an active area of research at radioactive-ion beam facilities,
including the identification of isomers and characteristic y-rays in the decay of neutron-
rich nuclei. This experiment may be able to complement such activities.

Searches for delayed y-rays following spontaneous fission[4,5] and fast fission[6,7] have
been reported in the literature. While these studies often include information on the
masses and elements from which the isomers arise, they generally only extend into half-
life ranges as long as tens of us. Longer-lived activities were historically been chemically
separated, though on-line mass separation has greatly extended the time-range available,
and has been used to measure half-lives below a second. The 18ms isomer in *’Pd was
observed using on-line mass separation[8]. Such techniques are still in active use[9],
though searches for such activities through the fission-fragment region have not been
reported. Online mass separation has not been applied extensively for heavier masses,
presumably for technical reasons.

We propose to use the GEANIE array and the unique time structure of the
LANSCE/WNR beam to look for and identify nuclear isomers among the fission
fragments following “*U(n,f). In order to maximize the statistics, we would run with a
relatively large %*°U sample (we have 24g available, as laminated metal foils), and ignore
the prompt y-rays during the WNR macropulse.

In order to extend the time range of interest, we propose running the LANSCE
accelerator at 30 Hz, with WNR at 9 or 10 Hz (20 Hz to Lujan, possibly 1 Hz north of the
road — proton radiography or UCN). This will allow us to look for isomers from below
1ms to over 100ms.

Assuming a 1.5b fission cross section (average), 10e® neutrons/s, and an effective mass of
2% in the beam of 10g, we expect 38k fissions/s. For a weak 0.01% fission fragment
yield, and, say, a 20% population of an isomer, we have about 0.7 isomers populated per
second. With a 3% y-ray efficiency, we get 80 events per hour. In order to assign an



unknown isomer to a nucleus, we will probably require a yy coincidence (another factor
of 3% in the rate calculation), which results in a 20 d run to get 1000 counts in a yy
coincidence. The actual run duration will depend on the WNR schedule — it is proposed
to perform this run early in the run cycle, before the four beamlines involved in the new
building construction are ready to run. Otherwise, the reduction in beam (from 40Hz to
10Hz) would not be feasible for such lengthy block of time.
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